The analysis of changes in moisture, equivalent diameter of the granules, layer porosity and size variation under the abrupt perturbing effect on the input humidity of the charge was made. The change in other parameters from the charge moisture lags about 30 seconds. This is due to different mass transfer rates for moisture and fine fractions. PI-controller settings for control of all measured parameters were calculated. The best indicators of the transition process comply with the control of moisture content of the charge. However, the most representative is the simultaneous control of these parameters. A new indicator of the effectiveness of the shower unit of the pelletizer drum is developed, based on the difference in the rates of mass transfer of moisture and solid particles. The value of this indicator should be kept to a minimum.
Introduction
The most efficient modes of sintering, which correspond to Voice principle (equality of speeds of movement of the fronts of heat transfer and combustion of fuel mixture) to the success of the process of agglomeration of iron ore materials is necessary to ensure [1, 2] . Production of highquality sinter and high performance is impossible without proper control of the gas-dynamic properties of the sintered layer. Pelletizing, which forms the final fractional composition of the charge before loading onto the pallets of the sintering machine, is one of the main technological stages of preparation of the charge for sintering. The quality of pelletizing depends on many factors: the fractional composition of the initial charge and its hydrophilic properties, the amount of moisture in the pelletizer, the properties of the shower device and the pelletizer drum, etc. Extensive method by increasing the drum length up to 12 m. to improve the fractional characteristics of the charge is used most often. Of course this has a positive effect, but does not exclude the use of intensive methods. Therefore, works aimed at improving the quality of pelletizing are relevant and require further development. The purpose of the article is to study the methods of pelletizing control in the pelletizer drum and to assess of the moisturing quality in it.
Experimental programme
A study of the influence of humidity on the final particle size distribution of the charge and on the parameters of the layer was carried out at PJSC "MK "AZOVSTAL" [3] . Length of the drum DOI 10 .12776/ams.v25i1.1154 p-ISSN 1335-1532  e-ISSN 1338-1156 pelletizer -6 m, diameter -2.5 м, the angle of the axis -0°, productivity -220 tons / hour. The current water consumption for moisture was 6.5 m 3 /hour. The moisture content W of the charge was increased from 4.48 to 8.3 -9.1 %, the equivalent diameter de -from 1.04 to 3.5 -4.2 mm. The variation of size V is decreased from 2.75 to 0.52 -0.62 mm / mm. The transit time of materials through the pelletizer and intermediate bunker was 75 sec. A heating of the charge by the heat of hot returned agglomerate allowed raising the temperature of the pelletized charge to 65 °С. In the course of studies, the water consumption for pelletizing of the charge was increased in comparison with the established service personnel by 0.5 m 3 /hour (ΔW = 0.35 %). The equivalent diameter de and the coefficient of variation V of the particle size of the granules of the pelletized sinter charge was determined by mid-logarithmic formulas [4, 5] .The measured parameters depend on many probabilistic factors, so it is not possible to stabilize them at the same value at the initial time. The equivalent diameter values were determined for the samples by sieving. The porosity was determined using a grid mathematical model based on the known fractional composition.Curves of change of the layer porosity, humidity of pelletized charge, pellets equivalent diameter and coefficient of variation, are presents by Fig. 1 . The curves are obtained by the area method for the models presented below. and coefficient of variation (▲) pelletized charge with the increase in water flow
It was found that when the changing humidity is from 8.3 to 9.9 % the value of the layer porosity is varies growing from 28 to 45 %, the mid-logarithmic diameter of granules -from 3.9 to 5.5 mm, the variation of size -from 0.35 to 0.57. Porosity and mid-logarithmic diameter of the granules increased and variation decreased when you add the humidity. This indicates low humidity of the pelletized charge. Due to the fact that the transition processes were investigated, the pelletizing parameters did not have a steady value and the humidity value, which corresponds to the maximum porosity of the layer, cannot be claimed. The value of the coefficient of linear correlation between the layer porosity and the coefficient of size variation was R = -0.62. That is, the correlation is not high. This is due to the fact that the value of porosity depends on the deviation of small fractions relative to the dominant one, and the variation characterizes the deviation relative to the equivalent diameter. The values of the It is necessary = 250 -300 s to stabilize the equivalent particle diameter, layer porosity and coefficient of variation. The equivalent diameter is increased by  1.5 mm, porosity -by 5.5 %аbs, coefficient of variation -by 0.06. The delay time is the same for all three of these parameters and is  60 s. Time lag of stabilization of new values of porosity, equivalent diameter of granules and coefficient of variation from humidity  =  -W = 100 s, probably due to the following. According to research Korotich V. I. a characteristic feature of the motion of the charge in the mode of rolling is the formation of "bud" around which the rotation of material occurs [6] . Experiments have shown that the material is segregated by size when moving: small fractions are concentrated near this point. Crumbling material moves in layers of thickness, which is equal to the average diameter of the granules. Thus, the first portions of water are transported to the pelletizer discharge end by large fractions faster than the mass transfer of small particles from the buds middle occurs. The phenomenon of the uneven distribution of water when the cost change is also confirmed by other researchers, who found that for pulsating water flow in pelletizer observed delamination of the granules.
Discussion of results
The aperiodic (inertial) first-order equation with lag to describe the transients of the drum pelletizer made [7] ( ) [8] . Indices at coefficients in Table 1 correspond to the transfer functions (1) of the output moisture of the charge W, of the layer porosity ε, of the equivalent diameter of the granules de and of the coefficient of variation V from the water flow to the pelletizer. Gain factors are overestimated due to the fact that the water flow rate is specified in the SI system. For more production-specific units, their values must be divided by 3600 s. In addition, given the extreme nature of the change in porosity and in the equivalent diameter from the moisture content of the pelletized charge, the transfer coefficients of the object will have different values, depending on the properties of the charge and other parameters. Therefore, the effect of moisture on the layer should be considered in a small range. Changes in the transmission coefficients depending on the properties of the charge and humidity must be taken into account when controlling.
Note that the values of the constant time for porosity and variation of size isequal, which indicates their high correlation. Also, despite the growth of the equivalent diameter, the size variation and porosity of the layer stabilize faster, which is explained by the narrowing of the range of granules diameters. Based on the values of time constants, the size variation stabilizes slightly longer. A more accurate description of transition processes to calculate the right values of indicator of the quality of hydration necessary. Use of other laws changes is possible [7] :
 aperiodic (inertial) link of the second order with delay where: 0 ≤ ξ < 1;
The calculated values of the coefficients of the formula (3) are shown in Table 2 . The settings of the PI controller corresponding to the degree of oscillation m = 0.351 for control using various controlled input parameters are determined by the method of extended frequency response ( Quality indicators of regulation of the pelletizer drum for each controlled parameter are investigated ( Table 3 and Fig. 2 ). The settings of the PI-controller corresponding to 20 % overshoot of each of the parameters were consistently set and controlled changes in the remaining parameters. Based on this, we determined the quality of transients for them. From the research results it follows that the overregulation changes insignificantly for all variants. However, the humidity control of the charge at the outlet of the pelletizer has the best characteristics. At the same time, the duration of the transition process and deviations of all parameters are the smallest. This control is the most optimal for stable raw charge materials. Nevertheless, the humidity at the fluctuating initial dosing and fractional composition of the charge should provide maximum gas permeability. In addition, the measurement error is affected by hydrated moisture. Therefore, the porosity of the layer, the equivalent diameter of the granules and the variation of their size to regulate and find the maximum gas permeability are more preferred. They are also more closely related to the productivity of the agglomeration process.
(а) (b) Fig. 2 Transients in the control of humidity of the pelletized charge (a) and porosity of the formed layer (b)
It is found that the regulation of the equivalent diameter of the granules has insignificantly better regulation. But given the fact that the maximum equivalent diameter corresponds to the formation of waterlogging, it is necessary to take into account all three parameters in the interaction [9] [10] [11] . The effective length of the pelletizer drum, on which the most intensive growth of granule size occurs, depends on the parameters of the shower unit inside. Typically, the moistening is carried out on 1/3 of the length of the pelletizer from the entrance. Based on the fact that the moisture content of the charge at the outlet is changing much faster than the porosity of the layer, the variation in size and, especially, the equivalent diameter, it follows that the method of supplying moisture to the charge requires improvement. The relative difference ΔS between the areas above the normalized curves of acceleration of humidity SW and equivalent diameter Sd (or porosity Sε) to assess the quality of moisturing can be used (Fig. 3 ) Taking into account the lag time S = Tоb + τlag. Accordingly, the indicator Ку by the equivalent diameter is equal to
Similarly, for the model of the drum (2) 
Ку is determined after substitution of the corresponding values of the areas calculated by the formula ( where: n -the number of the last dimension, starting from 0. The values Ку calculated by different methods are presented in Table 4 . It follows that the trapezoid method allows estimating the moisturing parameters with a satisfactory error.
Conclusion
The quality of the charge pelletizing in the drum depends to a significant extent on the correspondence of the water mass transfer rates and fine solid particles between the granules. The lagging to 30 s behind the rate of change of the equivalent diameter of the granules, the porosity of the layer and the variation of size from humidity is observed. The mismatch of these speeds reduces the effective length of the pelletizer drum. The coefficient characterizing the shower unit was developed. Its value for the industrial drum is 0.94 -1.38 depending on the compared parameters. The minimum value of which increases the effective length of the pelletizer by 3 m.
